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Global Population Forecast Errors, Economic Performance 
and Australian Export Demand* 
 
 
 
Abstract: 
 
The analysis of global population forecasts of the past 30 years by the US National Academy of 
Sciences (Bongaarts and Bulatao, 2000) confirms that errors have been considerable and that 
population forecasts have generally been upward-biased.  Recent stochastic population projections 
also yield wide error bounds.  We adapt a standard global economic model to estimate the 
implications of global and regional population forecast errors for the performance of the global 
economy and the composition of Australian export demand.  The model is GTAP-Dynamic, a 
recursively dynamic, applied general equilibrium model of the world economy widely used in the 
analysis of trade policy.  The results indicate that the growth rate of population in the rest of the 
world is important in Australia’s economic health.  Faster population growth benefits Australia’s 
producers of energy, minerals and agricultural products while slower population growth benefits its 
manufacturing and services sectors at the expense of commodities.  The net effect appears to be a 
gain from faster global population growth. 
 
 
1. Introduction 
 Final demand for all goods and services depends classically on preferences, the level of 
aggregate income, the distribution of that income across households with differing preferences, the 
age composition of those households and, finally, on relative product and service prices.  Our 
interest is in the particular dependence of the pattern of final demand on the size and age structure 
of consuming populations.  On a global scale this is complicated by the diversity of growth and 
decline in populations across regions.  For Australia, changes in population growth abroad have 
significant implications for the terms of trade and the rate of growth in the demand for Australian 
products.  In this paper we focus on the size and global distribution of the world’s population and 
the potential impact of population forecast errors on projected economic behaviour, and thereby on 
projections of the composition of demand facing Australian commodity exporters. 
In the policy sciences analyses almost always depend on forecasts of population growth and 
composition.  Such forecasts are commonly seen as “firm” relative to expectations about peoples’ 
economic or social behaviour.  Yet there are numerous sources of demographic uncertainty.  The 
world economy is currently subjected to changes in demographic behaviour, including to fertility, 
mortality, migration and the sex ratio at birth, some of which were not widely anticipated in recent 
decades.  In most countries, infant mortality fell through the course of the last century and adult life 
expectancy increased.  Yet, most strikingly, there have been sharp declines in fertility, first in 
developed countries and recently in many developing countries.  Before this century is half over, 
populations in Japan and some European countries are likely to be smaller than they were in 1990, 
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with these declines in total populations being preceded by declines in corresponding number of 
people of working age.1 
The extent to which demographic changes have been imperfectly forecast is indicated by the 
size and persistence of errors in global population projections since the 1950s, as demonstrated 
recently by the US National Academy of Sciences (Bongaarts and Bulatao, 2000).  They show that 
errors in forecasts of country and regional populations have been as large as 17 per cent over 30 
years.  Recognition of this inexactness has spawned a revolution in technical demography in the last 
decade that has emphasised stochastic population forecasting.2  The resulting demographic forecasts 
place surprisingly wide error bounds on projected populations.  Duncan and Wilson (2004), for 
example, describe simulations showing that there is a 40 per cent chance that the global population 
in 2030 will be outside the range 7.6 to 8.6 billion – an error range of almost 50% of the increment 
to the global population over that at present.  Yet trends in fertility and mortality are consistently 
downward and the rate of fertility decline has steepened.3  Should this nonlinearity continue, even 
the new stochastic forecasts may mislead, at least as to measures of central tendency. 
 The economic implications of these demographic trends and uncertainties are the subject of 
an already substantial global literature.  At minimum, this literature spans demography (McDonald 
and Kippen 2001, Booth et al. 2002), population economics (Mason 2003), public economics 
(OECD 1996, 1998), economic history (Bloom and Williamson 1997; Williamson 1998), growth 
economics (Becker and Barro 1988; Barro and Becker 1989; Becker et al. 1990) and 
macroeconomics (Bryant and McKibbin 1998, 2001; Faruqee and Muhleisen 2002; Bryant et al. 
2003).  The latter macroeconomic research is most akin to this paper by virtue of its focus on 
international effects.4  Its focus has, however, been on the industrialised regions of the northern 
hemisphere. 
To address the economic implications of the population forecast errors highlighted by 
Bongaats and Bulatao, we rely on the stochastic population projections reviewed and interpreted by 
Duncan and Wilson (2003).5  While Bongaats and Bulatao focus on errors in particular historical 
forecasts, Duncan and Wilson offer a complete set of forecasts in which estimation errors in the 
parameters of natural population increase (principally age specific birth and death rates) are 
introduced explicitly in Monte Carlo simulations.  We take error bands from these projections of 
                                                 
1 Bryant and McKibbin (1998), United Nations (2003). 
2 See Lee (1999) and Keilman (2001). 
3 The steepening is clear from Duncan and Wilson, Figures 1-3. 
4 Much of this research was organised under a project coordinated by the Brookings Institution in the United States and 
involving staff from the International Monetary Fund.  Finance is from the Economic and Social Research Institute of 
the Japanese Cabinet Office.  A participant in the project was Professor Warwick McKibbin, of the ANU, who also 
holds an appointment at the Brookings Institution. 
5 Duncan and Wilson draw their stochastic projections from the recent work of Lutz et a. (1999). 
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natural population increase, incorporate the effects of migration flows and analyse their economic 
implications. 
Our approach is to use a standard long-term dynamic model of the world economy, namely 
GTAP-Dynamic (Ianchovichina and McDougall, 2000).  Its structure enables us to capture both 
population growth changes and any associated Engel effects on food consumption demand, of the 
type emphasised by Coyle et al. (1998) and Gehlhar and Coyle (2001), at a high level of country 
and commodity disaggregation.  We are therefore able to assess the effects of changes in the 
international distribution of population and income on the demand for products in the full range 
from inferior through income-elastic.  When these effects are properly accounted for the results 
suggest that forecasts of global demand for staple cereal products, such as those by the IFPRI (1995, 
1996), are overstated.6 
Yet, for examining the effects of long-term demographic changes on the composition of 
demand, GTAP-Dynamic has a major weakness.  It includes only a single representative household 
in each identified region.  Each region’s population and (skilled and unskilled) labour force is 
projected exogenously at constant growth rates.  In the current version, changes in age and income 
distributions cannot, therefore, be represented, nor can their influence on food demand be analysed.  
In this paper we do not modify the model to address these issues.7  We focus, instead, on the role of 
aggregate population and labour force forecast errors.  In particular, we use the standard model to 
investigate the sensitivity of projected consumption patterns to changes in regional and global 
population forecasts. 
A brief review of population projections and errors therein is offered in Section 2.  This is 
followed by an overview of the economic model used in Section 3 and, in Section 4, a description 
of the baseline projection to 2020.  Projections with high and low population growth in developing 
and industrial countries are described in Section 5 and Section 6 offers conclusions. 
 
2. Errors in population forecasts: 
 The most systematic source of errors in past population forecasts has been the unexpected 
rapidity of the transitional decline in fertility in many large developing countries.  Other 
contributors have been unexpectedly rapid declines in fertility in some industrialised regions, 
particularly in the former centrally planned economies, and the unexpected persistence of high 
death rates from infectious diseases, particularly in some African developing countries.  Bongaarts 
and Bulatao (2000) find that mean absolute errors in past forecasts have grown to about five per 
                                                 
6 The use of projected rapid population growth in alarmist fashion continues, however, as in Leisinger et al. (2002). 
7 To address these issues in our on-going research we propose to modify GTAP-Dyn to include multiple households 
within each region and multiple age groups within each household.  The households would be distinguished by the 
composition of their income, which can originate from capital, land and resource rents and the wages of raw labour and 
skill.  Within each household the age distribution would also be crudely represented. 
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cent over 30 years for industrialised countries and to between 15 and 25 per cent for developing 
countries over the same period.8  To some extent, these errors have taken different directions and 
therefore had offsetting effects on global population forecasts.  Whether this will be true in future 
population forecasts, or indeed, whether the sources of error in those forecasts bear any similarity to 
past errors remains to be seen.  Resort is therefore necessary to the new stochastic population 
forecasts of the type constructed by Lee (1999) and Keilman (2001), and represented by Duncan 
and Wilson (2004).  These are constructed by using Monte Carlo simulations that account for 
intertemporal uncertainties in birth and age specific mortality rates. 
 For most of the world’s regions we use the stochastic forecasts of Duncan and Wilson.  
They offer no projection for Australia, however, so for this we resort to a local source [Booth et al. 
2002].9  High and low growth scenarios are selected that are one standard deviation above and 
below the mean, therefore encompassing about 60 per cent of the distribution of forecast population 
levels.  The implications of this choice are illustrated in Figure 1, for the OECD10 and developing 
countries as groups.  The OECD population is projected to expand to 1.04 billion by 2020 with the 
one standard deviation spread yielding a band-width in that year of about 14 per cent.  The rest of 
the world comprises developing countries, whose population is projected to expand to six billion by 
2020.  Uncertainty about birth and death rates in these countries is larger, however, so that the one 
standard deviation spread yields a band-width of 30 per cent.  A weakness in these forecasts is that 
they address the natural increase component of population growth only and lack explicit 
consideration of migration flows.  While this makes little proportional difference in most of the 
world’s regions, it is important for Australia, where up to half of the annual growth is due to net 
immigration.  For this reason we add a non-stochastic 0.5 per cent per year to Australia’s growth 
rate to account for net immigration.  Australia’s population projections are shown in Figure 2. 
 
3. The economic model 
 To analyse the implications of both demographic and income changes for the composition of 
global food demand we have adapted the “GTAP-Dynamic” model.  It is a recursively dynamic 
applied general equilibrium model of the world economy that extends the standard comparative 
static GTAP model of Hertel (1997).  This model offers a more complete characterisation of 
international capital mobility, capital accumulation and investment than the comparative static 
original.  And these additions are necessary in order to offer a better analysis of long run trends than 
the original comparative static framework was capable of.  The model covers up to 65 countries and 
                                                 
8 See Bongaarts and Bulatao (2000), Figure 2-3. 
9 A consequence of this is that the original stochastic analysis differs slightly from that of Duncan and Wilson and 
Australia’s 2020 one standard deviation error bandwidth turns out to be slightly larger than for the OECD as a whole. 
10 Organisation for Economic Cooperation and Development, which encompasses all the industrialised countries. 
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regions of the world and enables the analysis of world markets for 54 distinct commodities and 
product groups.  The analytical structure of GTAP-Dynamic is described by Ianchovichina and 
McDougall (2000).11 
The GTAP framework has been used previously to examine long-term changes in global 
food demand and its composition, among others by Coyle et al. (1998), Cranfield et al. (1998) and 
Gehlhar and Coyle (2001).  Only the comparative static version was employed in these exercises, 
however.  The dynamic version offers a superior representation of the production process and the 
technical change and capital accumulation that drive it.  It also embodies a well-researched set of 
behavioural parameters for the supply side of the model and these we adopt without modification.12  
Essential to the present task is that demand for commodities and other products be non-homothetic.  
This is achieved in GTAP with the use of the Constant Difference of Elasticities of Substitution 
(CDE) demand system.  While there are limits to departures from unity of income elasticities of 
demand with this system it offers parametric economy combined with a generally representative 
range of income elasticities, as shown in Table 2. 
A key aspect of applications of the GTAP family of models is the choice of aggregation.  
Given our focus on food demand, we have opted for as extensive a listing of raw and processed 
food products as it is possible to extract from the GTAP database.13  This list is provided in Table 1.  
The corresponding regional disaggregation is chosen to single out the large developing countries 
with comparatively uncertain population forecasts, including China, India and Indonesia.14 
 
4. Constructing a base line projection 
 The approach adopted is, first, to construct a reference, or base line, scenario for the world 
economy over the period 1996-2020.  A number of further simulations are then constructed that 
differ from the reference one only in that the exogenous growth rates of populations and labour 
forces differ, as indicated in Section 2.  The construction of the reference scenario is a substantial 
task in itself.  Not only does it require assumptions about the exogenous growth rates of primary 
factor supplies like labour and skill15, it also rests importantly on assumptions about the pace of 
technical change and the extent of international capital mobility.  In our simulations we have chosen 
                                                 
11 Applications of earlier versions are discussed in Ianchovichina et al. (1998) and Walmsley et al. [2002]. 
12 The GTAP database also has a relatively new set of behavioural parameters for consumption, based on detailed 
econometric analysis for “representative” countries.  See Cranfield et al. (1998). 
13 The model, as currently constructed, runs on the GTAP Version 4 global database for 1995.  The more recent, and 
more extensive, Version 5 database, for 1997, is as yet incompatible with GTAP-Dynamic. 
14 The country groups chosen are indicated in Table 2.  Their precise composition is available on request from the 
authors. 
15 Labour supply growth in each region is assumed to grow at the same pace as population, implying constant 
participation rates.  The associate growth rates of skilled and unskilled labour are calculated to achieve an exogenous 
increase in the ratio of skilled to total labour by 2020 for each country.  These ratios are consistent with those adopted 
by Walmsley and McDougall (2003). 
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a level of international capital mobility that is at the high end of those available in the model, 
reflecting the increasing tendency for savings in some regions to finance investment in others.16 
 The pace of technical change is incorporated by constructing a set of region-wide total factor 
productivity growth rates that are consistent with both the forecast changes in populations and 
labour supplies and with a set of non-controversial reference growth rates of GDP by region.  These 
latter growth rates are similar to, though not the same as, those used by Walmsley and McDougall 
(2003).  We do this by making GDP growth rates exogenous in the first simulation and a 
corresponding set of region-wide total factor productivity growth rates endogenous.  In this process, 
a number of modifications to the “standard” GDP projections were required to avoid seemingly 
unattainable productivity growth in some important developing countries.  The GDP growth rates 
that were settled on are summarised in Table 3, while the corresponding rates of productivity 
growth are represented in Figure A1 in the Appendix. 
 The reference projection on which we settled yields Australian export price trends shown in 
Figure 4.  Real prices of food products remain within a five per cent band through 2020, as do 
labour-intensive manufactures and services.  Real growth in export prices is enjoyed by the skill 
intensive manufacturing sector and, most spectacularly, the minerals-energy sector.  This points up 
one other difficulty in our construction of the reference scenario, which stems from our focus on 
food markets and hence our aggregation of other sectors (Table 1).  This aggregation proved 
excessive to the extent that energy products and minerals are combined.  The reference scenario 
projects a large increase in real energy-mineral prices (180% between 1995 and 2020).  Australia 
therefore appears to enjoy a very large improvement in its terms of trade by 2020.  This 
improvement is overstated, however, because minerals make up the majority of Australia’s exports 
within the energy-minerals aggregate.17 
 
5. High and Low Population Growth Scenarios: 
In the subsequent high and low population growth simulations, GDP is made endogenous in 
each region but the total factor productivity growth emerging from the reference simulation is held 
constant.  Total income growth in each region therefore adjusts to the shock of slower or faster 
population growth.  The effects on forecast GDP and GDP per capita are indicated in Table 3.  All 
the simulations show a positive relationship between regional GDP and regional population growth.  
More population means more labour to combine with the capital stock of any year and hence more 
output overall.  Yet, consistent with it multi-region Solow-Swan structure, the model yields a 
                                                 
16 Indeed, investment and capital accumulation drive the dynamics of this model.  Achieving realistic behaviour in the 
international distribution of investment requires careful consideration of risk premia.  Otherwise, all new investment is 
concentrated in the developing countries where labour is abundant relative to capital and so the marginal return on 
capital is highest. 
17 In subsequent simulations energy products will be separated from minerals. 
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negative relationship between population and per capita income growth.  The multi-region structure 
of the model also captures interactions between population growth in one region on income growth 
in others.  Because saving rates and labour force participation rates are held constant in our 
simulations, these stem from two sources: 1) faster population growth and reduced per capita 
income tends to shift consumption toward the commodities, which are less income elastic than 
energy, manufactures or services, and 2) faster labour force growth cheapens labour relative to other 
factors, yielding more labour-intensive production techniques and reducing the relative cost in the 
labour-intensive industry groups, particularly manufactures.  This shifts the international terms of 
trade in favour of commodities.  Our primary interest is the implications of these terms of trade 
changes for Australia.18 
Six simulations were prepared for comparison with the reference case.  All used single 
standard deviation departures from the reference case, as in Figures 2 and 3.  They are 1) high and 
low population growth in the OECD countries, 2) high and low growth in the developing countries, 
3) high and low growth in both the OECD and the developing countries, and 4) high and low 
growth in Australia.19  The broad impacts of these on an index of Australian export prices (relative 
to Australia’s GDP deflator) are displayed in Figure 5.  The net effects on Australia’s exports are 
larger the faster is population growth in the rest of the world.  Also conspicuous in this figure is the 
tendency of population errors only to have significant effects beyond 2010.  This is because the 
population errors are themselves small in the early years and because the growth process is driven 
by capital accumulation, the effects of which on levels variables appear with a lag. 
The effects on the values of Australian exports by product are indicated in Table 5.  Slow 
global population growth affects Australia adversely via the relative decline in demand abroad for 
its energy-minerals exports and for its less income elastic commodities.  Interestingly, in this 
scenario sectors supplying relatively income-elastic products, including manufactures and services, 
are substantial gainers.  By contrast, when the population of the rest of the world grows more 
quickly, Australia’s commodity exports generally rise while manufacturing and service exports rise.  
This pattern arises via the two forces discussed above: 1) slower population growth in the rest of the 
world leads to higher per capital incomes there and hence a shift in consumption toward the more 
income elastic products, and 2) it reduces labour supply growth there relative to Australia, raising 
the return to investment and accelerating Australia’s capital accumulation, especially in 
manufacturing, which is comparatively labour intensive. 
                                                 
18 For this reason, Table 3 does not show any interactive effects.  Although the high and low population growth 
scenarios yield endogenous GDP growth rates, the scenarios are too numerous to detail all the interactions.  The 
endogenous growth rates in the table stem from either higher or low population growth in all developing countries or in 
all OECD countries. 
19 Because the groups “Central Europe and the former Soviet Union” and “rest of the world” did not match either 
category, their populations remained unshocked, along with Australia’s, in the “world” cases. 
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In the second two columns of Table 5, simulations with slower and faster population growth 
in Australia, but base line rates in the rest of the world, are compared.  Here the broad pattern is 
driven by Australia’s labour supply.  Faster population growth yields faster labour supply growth 
and increased output in the short term.  In the long term it also raises investment and expands 
Australia’s capital stock, thereby raising output in most sectors and the values of trade flows in both 
directions. 
 
4. Conclusion: 
 The recent analysis of global population forecasts over the past 30 years by the US National 
Academy of Sciences (Bongaarts and Bulatao, 2000) confirms that errors have been considerable 
and that population forecasts have generally been upward-biased.  New stochastic population 
projection methods have also yielded wide error bounds.  Our use of GTAP-Dynamic enables the 
estimation of the economic consequences of global and regional population forecast errors for the 
performance of the global economy and the composition of Australian export demand.  The results 
indicate that the growth rate of population in the rest of the world is important in Australia’s 
economic health.  Faster population growth benefits Australia’s producers of energy, minerals and 
agricultural products while slower population growth benefits its manufacturing and services 
sectors at the expense of commodities.  The net effect appears to be a gain from faster global 
population growth. 
. 
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Figure 1: Stochastic projection of global population 
 
0
1
2
3
4
5
6
7
8
9
10
1995 2000 2005 2010 2015 2020 2025 2030 2035
2.50%
Mean-std dev
Mean
Mean+std dev
97.50%
 
 
Source: Source: Adapted from the stochastic population projections described by Duncan and Wilson 
(2004). 
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Figure 2: One standard deviation spread on OECD and developing country 
population projections to 2020 
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Source: Adapted from the projections described by Duncan and Wilson (2004). 
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Figure 3: One standard deviation spread on OECD and Australia’s population 
projections to 2020 
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Source: Source: The OECD stochastic population projection is as described by Duncan and Wilson 
(2004).  That for Australia is supplied by Dr. Heather Booth of the ANU from Booth et al. 
(2002), adjusted for net immigration as described in the text. 
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Figure 4: Reference (base line) scenario: selected Australian export prices relative to the GDP price index 
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Source: The reference or base line simulation of the model described in the text. 
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Figure 5: Index of real Australian export pricesa 
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Source: The reference or base line simulation of the model described in the text. 
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Table 1: Product groups included in the model 
Agricultural product group Processed food product group Other products 
Paddy rice Processed ruminant and horse meat products Minerals and energy 
Wheat Other meat and animal products Other labour intensive manufactures 
Other cereal grains Vegetables, oils and fats      (excluding processed foods) 
Vegetables, fruit and nuts Dairy products Skill intensive manufactures 
Oil seeds Processed rice Skill intensive services 
Sugar cane, sugar beet Sugar Labour intensive services 
Plant-based fibres Other food products  
Other crops Beverages and tobacco products  
Bovine cattle, sheep, goats and horses   
Pigs, poultry and other animal products   
Raw milk   
Wool, silk-worm cocoons   
Forestry   
Fishing   
Source: GTAP Version 4 Data Base.  The full commodity list covers 54 products in all, of which the majority are manufactures and services. 
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Table 2: Income elasticities of demand implied by GTAP-Dynamic CDE parameters. 
Product North 
America 
South 
America 
Sup-
Saharan 
Africa 
Middle 
East, 
North 
Africa 
Western 
Europe 
Central 
Europe, 
former 
USSR 
India Other 
South 
Asia 
Japan China Indonesia Other 
East 
Asia 
Australia Rest of 
World 
Paddy rice 0.12 0.18 0.64 0.32 0.16 0.21 0.30 0.33 0.16 0.38 0.41 0.28 0.17 0.30 
Wheat 0.11 0.26 0.63 0.22 0.19 0.18 0.30 0.33 0.16 0.38 0.41 0.18 0.17 0.29 
Other cereals 0.08 0.26 0.63 0.25 0.18 0.18 0.30 0.33 0.16 0.37 0.41 0.18 0.17 0.31 
Veg, frt, nuts 0.19 0.52 0.59 0.57 0.30 0.51 0.73 0.72 0.36 0.75 0.66 0.55 0.14 0.55 
Oil seeds 0.15 0.50 0.59 0.58 0.25 0.51 0.73 0.79 0.36 0.61 0.66 0.57 0.14 0.56 
Sgr cane/beet 0.12 0.57 0.59 0.55 0.28 0.55 0.73 0.79 0.36 0.53 0.66 0.57 0.14 0.55 
Plant fibres 0.24 0.52 0.59 0.59 0.24 0.49 0.73 0.79 0.36 0.40 0.66 0.59 0.14 0.58 
Other crops 0.14 0.53 0.59 0.58 0.30 0.51 0.73 0.79 0.36 0.77 0.66 0.50 0.14 0.55 
Cattle, sheep 0.23 0.38 0.57 0.61 0.24 0.33 0.69 0.84 0.72 0.94 0.77 0.57 0.24 0.52 
Pigs, poultry 0.15 0.50 0.58 0.6 0.26 0.35 0.69 0.84 0.72 0.96 0.77 0.51 0.24 0.54 
Raw milk 0.29 0.38 0.51 0.5 0.15 0.33 0.62 0.68 0.57 0.73 1.08 0.66 0.09 0.51 
Wool, silk 0.75 0.84 0.72 0.85 0.86 0.85 0.86 0.95 0.84 0.84 0.83 0.84 0.86 0.82 
Forestry 1.12 1.21 1.42 1.26 1.14 1.20 1.70 1.5 1.09 1.19 1.40 1.24 1.13 1.23 
Fishing 0.22 0.55 0.59 0.57 0.31 0.52 0.73 0.74 0.36 0.69 0.66 0.58 0.14 0.56 
Rumnt meat 1.00 1.05 1.21 1.05 1.02 1.03 1.07 1.15 1.00 1.02 1.03 1.12 1.01 1.00 
Other meat  0.13 0.41 0.68 0.59 0.27 0.33 0.69 0.92 0.72 0.57 0.77 0.49 0.24 0.51 
Veg, oils 0.13 0.47 0.65 0.59 0.27 0.34 0.69 0.91 0.72 0.81 0.77 0.57 0.24 0.53 
Dairy prod 0.17 0.52 0.59 0.57 0.25 0.56 0.73 0.79 0.36 0.73 0.66 0.52 0.14 0.55 
Proc rice 0.11 0.32 0.59 0.49 0.17 0.32 0.62 0.66 0.57 0.41 1.08 0.58 0.09 0.49 
Proc sugar 0.14 0.21 0.63 0.31 0.19 0.15 0.30 0.37 0.16 0.32 0.41 0.16 0.17 0.32 
Other food 0.16 0.52 0.59 0.58 0.24 0.57 0.73 0.78 0.36 0.77 0.66 0.60 0.14 0.52 
Bev, tobacco 0.15 0.51 0.59 0.57 0.29 0.52 0.73 0.72 0.36 0.63 0.66 0.55 0.14 0.55 
Min, energy 0.88 0.93 0.80 0.93 0.90 0.89 0.92 1.01 0.9 0.90 0.89 0.90 0.92 0.88 
Lab int mfg 0.99 1.03 0.94 1.05 1.04 1.02 0.93 1.00 0.93 1.00 1.02 1.03 1.01 0.99 
Skill int mfg 1.11 1.19 1.27 1.23 1.11 1.18 1.63 1.46 1.07 1.24 1.29 1.21 1.11 1.18 
Skill int srv 1.00 1.19 1.26 1.19 1.11 1.18 1.37 1.32 1.11 1.15 1.35 1.24 1.09 1.19 
Lab int srv 1.12 1.18 1.23 1.19 1.08 1.17 1.48 1.40 1.11 1.18 1.29 1.19 1.08 1.17 
Source: GTAP Version 4 Data Base.  These Engel elasticities are implied by the parameters of the GTAP Constant Difference of Elasticities of Substitution (CDE) functions 
use to represent demand.  See Huff et al, 1997.  They are calculated from the model by simulating pure income shocks over a single year. 
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Table 3:  Simulated population, GDP and GDP per capita growth rates, 1995-2020a 
a Actual growth rates vary by year as population projections show slowing growth.  This table includes averages through 2020 for illustration purposes only. 
b  Exogenous. 
c  Endogenous, given productivity growth implied in the base line scenario(Appendix, Figure A1).  Figures for developing countries are from population shocks of these 
countries, the same for OECD countries and Australia. Central/East Europe and FSU and Rest of the world are not included in any of the shocks.  
d  Implied by the exogenous rates of GDP and population growth in the base line scenario. 
Sources: Exogenous growth rates are from Walmsley and McDougall (2003).  Endogenous rates are from simulations of the GTAP-Dynamic model as explained in the text. 
 
 Population growth rateb GDP growth rate Growth rate of GDP per capita 
Country/region Low Base line High Lowc Base lineb Highc Slowc Base lined Highc 
North America 0.7 0.9 1.2 2.7 2.9 3.0 2.0 1.9 1.9 
South America 1.2 1.4 1.6 3.1 3.2 3.4 1.9 1.8 1.7 
Sub-Saharan Africa 1.8 2.1 2.4 3.4 3.6 3.7 1.6 1.4 1.3 
Middle-East and North Africa 1.7 2.0 2.3 3.1 3.2 3.3 1.4 1.2 1.1 
West Europe 0.1 0.2 0.4 2.4 2.5 2.6 2.3 2.3 2.3 
Central/East Europe and FSU  -0.2   3.3   3.6  
India 1.3 1.6 1.8 4.3 4.4 4.5 3.0 2.8 2.7 
Other South Asia 1.3 1.6 1.8 3.8 3.9 4.0 2.5 2.3 2.1 
Japan 0.0 0.2 0.3 1.8 1.9 2.0 1.8 1.7 1.7 
China 0.5 0.6 0.8 4.2 4.3 4.3 3.8 3.6 3.5 
Indonesia 1.0 1.2 1.5 4.0 4.1 4.1 3.0 2.8 2.6 
Other East and SE Asia 1.0 1.2 1.5 4.4 4.5 4.6 3.4 3.2 3.1 
Australia 0.8 1.0 1.2 3.2 3.3 3.5 2.4 2.3 2.3 
Rest of world  1.6   3.5   1.9  
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Table 4:  Implied labour force growth rates, 1995-2020 a 
a Actual growth rates vary by year as population projections show slowing growth.  This table includes averages through 2020 for illustration purposes only.  Note that these 
rates are based on the assumption that labour force participation rates remain constant in all regions. 
Sources: Population growth rates summarised in the first three columns of Table 3.  Increasing skill shares are modelled as explained in the text, based on the time trends 
adopted by Walmsley and McDougall (2003). 
 All labour Production labour Professional labour 
Country/region Low Base line High Lowb Base linea Highb Slowb Base linec Highb 
North America 0.74 0.94 1.16 0.73 0.93 1.15 0.74 0.95 1.17 
South America 1.18 1.41 1.63 1.17 1.40 1.62 1.19 1.43 1.65 
Sub-Saharan Africa 1.85 2.15 2.43 1.84 2.14 2.42 1.86 2.17 2.45 
Middle-East and North Africa 1.72 2.00 2.26 1.71 1.98 2.25 1.74 2.02 2.29 
West Europe 0.09 0.24 0.39 0.08 0.24 0.39 0.09 0.25 0.40 
Central/East Europe and FSU  -0.20   -0.21   -0.19  
India 1.32 1.59 1.85 1.30 1.57 1.82 1.37 1.65 1.91 
Other South Asia 1.32 1.59 1.85 1.31 1.57 1.83 1.36 1.64 1.90 
Japan 0.02 0.18 0.34 0.02 0.18 0.33 0.03 0.19 0.35 
China 0.46 0.62 0.77 0.45 0.61 0.76 0.48 0.64 0.80 
Indonesia 1.02 1.24 1.46 1.00 1.23 1.44 1.07 1.30 1.51 
Other East and SE Asia 1.02 1.24 1.46 1.00 1.22 1.44 1.05 1.28 1.49 
Australia 0.82 0.98 1.17 0.82 0.97 1.16 3.51 0.98 1.17 
Rest of world  1.62   1.61   1.64  
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Table 5: Effects on Australian real 2020 export values of changes in global population scenarioa 
(Per cent departures from base line projections) 
Product (% departure from reference scenario) 
 Worldb 
Low 
Worldb 
High 
Australia 
Low 
Australia 
High 
Paddy rice 1.3 -1.2 -1.7 1.5 
Wheat -1.6 1.6 -1.9 1.9 
Other cereal grains -1.9 2.2 -1.8 1.6 
Vegetables, fruit and nuts -1.5 1.3 -1.7 1.5 
Oil seeds -0.4 0.5 -1.7 1.5 
Sugar cane, sugar beet 0.6 -0.9 -1.7 1.7 
Plant-based fibres -1.0 0.8 -1.3 1.1 
Other crops -1.2 0.8 -1.7 1.5 
Cattle, sheep, goats and horses -3.3 3.6 -1.9 1.8 
Pig, poultry and other raw prod 2.5 -3.2 -2.8 2.7 
Raw milk 1.6 -1.8 -4.9 6.0 
Wool, silk-worm cocoons 0.8 -1.4 -1.7 1.8 
Forestry -3.4 1.3 2.8 -5.1 
Fishing -4.9 4.8 2.5 -4.2 
Minerals and energy -11.1 11.9 -0.3 0.2 
Proc ruminant and horse prod 2.4 -3.1 -3.5 3.8 
Proc pig, poultry and other meat 4.7 -5.9 -4.4 4.8 
Vegetable oils and fats 2.5 -3.6 -4.3 4.7 
Dairy products 3.2 -4.3 -3.5 3.7 
Processed rice 1.5 -2.2 -4.6 5.2 
Sugar 2.5 -3.2 -3.6 4.0 
Other processed food products 5.8 -7.1 -5.3 6.1 
Beverages and tobacco products 9.3 -11.1 -7.0 8.2 
Other labour-intensive manufactures 13.9 -15.5 -7.7 9.1 
Skill intensive manufactures 14.2 -15.5 -5.7 6.6 
Skill intensive services 8.8 -10.5 -6.9 8.2 
Labour intensive services 5.3 -6.5 -4.7 5.4 
     
All exports -0.3 0.1 -2.9 3.3 
a  Real values are measured relative to the Australian GDP deflator. 
b  Excluding Australia. 
Source: Projections using the dynamic model described in the text. 
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Table 6: Effects on Australian 2020 output and export volumes of changes in global population scenario 
Industry % departure from reference or base line scenario 
 World low World high Australia low Australia high 
 Output Exports Output Exports Output Exports Output Exports 
Paddy rice 0.6 -2.0 -0.7 0.4 -3.2 -0.1 3.8 -0.4 
Wheat -1.4 -4.1 1.4 2.9 -1.4 -0.3 1.4 0.0 
Other cereal grains 0.1 -3.8 -0.2 3.8 -2.6 -0.2 2.9 -0.4 
Vegetables, fruit & nuts -0.2 -7.1 0.1 2.8 -2.7 -0.1 3.2 -0.4 
Oil seeds 0.7 1.3 -0.8 2.1 -2.9 -0.1 3.4 -0.4 
Sugar cane, sugar beet 0.0 -2.6 -0.1 0.6 -1.4 -0.2 1.5 0.0 
Plant-based fibres 0.1 -4.9 -0.1 2.5 -1.3 0.5 1.3 -1.0 
Other crops 0.2 -2.6 -0.3 2.4 -2.4 -0.1 2.7 -0.4 
Cattle, sheep -0.2 -8.7 0.2 5.1 -2.6 -0.3 3.0 -0.2 
Pig, poultry 0.8 1.3 -1.0 -1.5 -2.7 -1.4 3.0 1.0 
Raw milk 1.0 -0.2 -1.3 0.0 -3.2 -3.3 3.8 4.1 
Wool, silk-worm cocoons 0.2 -1.2 -0.4 0.4 -1.0 -0.1 1.1 -0.1 
Forestry 1.6 -7.3 -1.6 4.7 -2.3 5.6 2.7 -8.5 
Fishing -0.6 -3.9 0.6 5.1 -1.7 5.7 1.9 -8.0 
Minerals and energy -0.6 -3.9 0.6 3.9 -0.1 2.0 0.2 -2.4 
Ruminant meats 0.7 2.6 -0.9 -1.6 -3.1 -2.7 3.6 2.9 
Pig, poultry meats 0.7 3.3 -0.7 -4.4 -3.5 -3.6 4.2 4.0 
Vegetable oils and fats 2.5 -1.8 -2.7 -2.2 -4.0 -3.4 4.9 3.7 
Dairy products 1.0 1.3 -1.3 -3.0 -3.2 -2.6 3.8 2.7 
Processed rice 0.2 -6.4 -0.5 -0.8 -4.0 -4.1 4.8 4.7 
Sugar 0.9 1.1 -1.3 -1.9 -3.1 -2.9 3.6 3.2 
Other processed foods 1.4 6.2 -1.7 -5.8 -4.0 -4.8 4.9 5.6 
Beverages and tobacco products 0.0 9.6 0.0 -9.9 -3.0 -6.5 3.6 7.8 
Labour-intensive mfg 4.4 17.6 -4.6 -14.3 -4.3 -7.2 5.3 8.8 
Skill-intensive mfg 6.7 16.1 -6.9 -15.9 -4.1 -4.9 5.0 5.8 
Skill-intensive services -0.1 9.4 0.2 -8.9 -3.2 -7.1 3.9 8.8 
Labour intensive srvices 0.4 5.7 -0.2 -5.1 -2.9 -4.6 3.6 5.5 
         
GDP and export volume index 0.7 3.2 -0.6 -3.6 -2.8 -2.0 3.4 2.2 
Source: Simulations of the dynamic model described in the text. 
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Table 7:  Effects on Australian 2020 real factor rewards of changes in global population scenarioa 
 
(% change relative to the reference scenario) 
 World low World high Australia low Australia high 
Land 0.6 -1.2 -10.4 12.8 
Labour 1.1 -1.0 1.3 -1.5 
Skill 0.9 -0.8 1.4 -1.6 
Physical capital -0.4 0.3 -0.3 0.3 
Natural resources -12.7 13.7 -3.2 3.7 
a  Real rewards are measured relative to the Australian CPI or consumption price index. 
Source: Simulations of the dynamic model described in the text. 
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Appendix: 
Figure A1: Total factor productivity growth rates to achieve GDP performance of Table 3 
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Table A2: Region-generic elasticities of substitution between domestic and 
imported goods 
 
Commodity or product Elasticity 
Paddy rice 2.20 
Wheat 2.20 
Other cereal grains 2.20 
Vegetables, fruit and nuts 2.20 
Oil seeds 2.20 
Sugar cane, sugar beet 2.20 
Plant-based fibres 2.20 
Other crops 2.20 
Bovine cattle, sheep, goats and horses 2.80 
Pigs, poultry and other animal products 2.80 
Raw milk 2.80 
Wool, silk-worm cocoons 2.20 
Forestry 2.80 
Fishing 2.80 
Processed ruminant and horse meat products 2.80 
Other meat and animal products 2.20 
Vegetables, oils and fats 2.20 
Dairy products 2.20 
Processed rice 2.20 
Sugar 2.20 
Other food products 2.20 
Beverages and tobacco products 2.20 
Minerals and energy 3.10 
Labour intensive manufactures (other than processed foods) 3.02 
Skill intensive manufactures 2.83 
Skill intensive services 1.98 
 
Source: GTAP Version 4 Data Base. 
 
 
